The thermal oxidation of the graphite leads to the removal of monoatomic carbon layers from the surface and formation of circular pits on the exposed plane. Near the pit edges the scanning tunneling spectroscopy measurements show a series of very narrow flat regions on the I /V characteristics. The observed I/V flat regions appear only when the characteristic is recorded very close to the pit edges. The appearance of tunneling current steps can be explained by the oscillating character of the local density of states near the pit edges. A simple quantum mechanical model in 2D based on boundary condition for an electron wave function is proposed.
Introduction
The first-principles band calculation performed on the stepped surface of graphite showed existence of a localized state at the Fermi level [1] . This state is due to the cut of graphite sheet and is localized near the edges. The step acts as a potential barrier. In such a case additional process can be observed: incident surface Bloch wave can be reflected and will interfere with the incident wave leading to the oscillatory density of states. In order to detect the oscillations of electron local density of states (LDOS) near the step edges one should use a specific surface preparation and techniques which provide local spectroscopic information at an atomic level. 
Experimental
A fresh surface of highly oriented pyrolytic graphite (HOPG) was prepared by cleavage with adhesive tape before thermal oxidation. The oxidation process was carried out in an externally heated quartz tube in ambient air conditions. In order to obtain well defined circular pits different temperatures and etching times were applied. The scanning tunneling microscopy/spectroscopy (STM/STS) results were obtained using a home-built apparatus with tunneling spectroscopic facilities. Experimental details are presented elsewhere [2] [3] [4] [5] [6] .
Results and discussion

Scanning tunnelng microscopy results
In Fig. 1A typical image of etched pits on an HOPG sample treated at 8000C in air for 30 min is shown. The growth of the etch pits causes erosion of the top layer. Due to further oxidation a surface with several levels of atomically flat terraces is formed. The topography presented exhibits up to two levels of atomic terraces with different radii of curvature. Circular pits randomly distributed over the terraces are also found. The depth of the etched pits can be estimated from the height profile. The average value is 0.35 nm, which is approximately the spacing between graphite layers. Double layer pits are also observed. Triangular atomic structures at the bottom of the pit and on the top plane close to the pit edges can Scanning Tunnelng Μicroscopy/Spectroscopy ... 417 be resolved. However, the 2-4 nm region near the edges of the pit is different from that in the smooth areas on the basal plane. In these regions a superstructure with the periodicity of ( √3χ '√3)α (α = 0.246 nm) and rotated 30° degrees with respect to the underlying graphite lattice is often observed (Fig. B) . Similar structures can be seen on graphite near defects shaped like steps or adsorbed metal particles. Different theoretical models are used to explain the observed picture [7] [8] [9] . It seems that the observed superstructures have electronic nature and do not show real surface reconstruction. Apart from the well-known (fix 0R30° superstructure, a relatively unperturbed surface near the pit edges is also observed, see Fig. 1C .
Another intriguing structure is presented in Fig. 1D , where the upper terrace near the pit edges consists of several bright lines running parallel to the edges. In this case we expect that such oscillations are due to the interference between the incident and reflected electron waves at the step. The density of state oscillation period is about 0.25 nm and falls off with increasing distance from the step. This image is very similar to the one obtained for Au(111) and Ag(111) surfaces with steps, where an oscillation of electron density of states is observed [10] .
Scanning tunnelng spectroscopy results
The next stage in our investigations is to measure the tunneling spectra in the regions where different superstructures appear. In Fig. 2 the I/V data for the superstructure presented in Fig. 1D is shown. The three curves, denoted as α, β, and γ, are recorded at different distances from the pit edges. The curve α is recorded at about 5 nm from the pit step, while the curve γ at about 1 nm from the pit step. The curve denoted as ß is recorded at the intermediate distance.
All these I/V curves show the same asymmetric shape, which is typical of pure graphite [5, 6, 11, 12] . However, it is not difficult to observe some differences in comparison to basal plane of graphite spectra. In the curve γ one obServes a series of very narrow flat regions (α, b, c, d , e, f, αl, b1, cl) that should manifest themselves as prominent dips in the normalized conductance (I/dV)/(I/V). In the investigated bias range, the dips in (I/dV)/(I/V) appear equally spaced with a splitting of approximately 0.5 eV. The observed I/V flat regions appear only when the characteristics is recorded very close to the pit edges. In our interpretation the appearance of tunneling current steps can be explained by the oscillating character of the LDOS near the pit edges. It is worth pointing out that in the case of the (4 x ')R300 superstructure (Fig. B) , the STS measurements do not show substantial differences in comparison to basal plane of graphite. A typical I/V curve taken over this superstructure resembles the curve α presented in Fig. 2 . In order to explain experimental results we consider the following quantum-mechanical (QΜ) problem reducible to 2D:
The exponential decay in z direction means that electrons are confined to the surface. In 2D we simply have . m* is an effective mass of an electron and E is an energy of an electron, V2 is a 2D Laplace operator and V is a potential describing the pit on the surface. For simplicity we propose that V is infinite inside the pit and zero outside. Thus
It is obvious that for Ψ0 = 0 for r < αn (α -radius of the pit). One simply obtains
The oscillatory pattern on the STM images and the flat regions on the STS characteristics are coming from the shape of the wave function ψ0 . It is due to the fact that in the STM/STS techniques the tunneling current is given by where T is the transmission coefficient, f (E) -Fermi function, pS and pT are the density of states of a sample and a tip at a location r = (x, y). The energy E is measured with respect to the bottom of the conductance band of the negative biased sample. The LDOS of the sample ps(E), which is probed by STM/STS techniques equals to where Ε is given by the formula (6) . Moreover, we should take under consideration an influence of crystalline field induced by the graphite lattice on an electron. Thus the oscillatory pattern can be seen only up to some distance not to be large. For the density of state oscillation goes down with an increase in the distance from the step edges, we cannot observe such effects on the curve α (5 nm far from the pit edges). Here it should be noted that in the areas close to the pit edges the surface heterogroups (C-OH, "C-OOH) appear due to thermal oxidation and could result in Coulomb blockade effect [12] . It means that not only interference effect but also chemical composition .on the surface can be responsible for observation of series of very narrow flat regions on the I/V characteristics. More research is needed to understand the influence of local surface defects on tunneling spectra. Further experiments are in progress.
Conclusions
We have observed oscillating pattern on the STM images and very narrow flat regions on the STS current-voltage characteristics taken near the circular pit edges on the thermally oxidized HOPG (0001) basal plane. By analyzing an influence of step edges on graphite LDOS we came to the conclusion that we are dealing with structure different from Kobayashi [1] localized surface state which appears as a maximum of LDOS near the Fermi level. An oscillation character of LDOS (due to interference effect caused by boundary conditions in QM problem reducible to 2D) or Coulomb blockade are assumed to explain the observed phenomena.
